Many Candida species, such as the opportunistic human pathogen Candida albicans, are Crabtree-Negative yeasts and are therefore highly dependent on the energy generated through oxidative phosphorylation. Respiration control is linked to a range of aspects of C. albicans cell physiology that appear to be important for virulence, most notably its ability to switch from yeast to hyphal forms and the maintenance of the cell wall. The following protocol allows for the measurement and characterization of respiration in C. albicans using high resolution respirometry. We outline how addition of respiration inhibitors can be used to assay the "mode" of respiration, mitochondrial health and the level of electron transport that is coupled to ATP synthase activity in living cell cultures. These data provide useful insight into the effects of external factors, such as exposure to anti-fungal compounds, or internal changes such as genetic alterations on respiratory performance.
Equipment
1. Oxygraph-2k respirometer (O2k-core) (Oroboros Instruments Corp, Austria) 2. Incubator (e.g., New Brunswick TM Innova ® 44, Eppendorf, catalog number: M1282-0002) 3 . Spectrophotometer (e.g., Jenway TM 6305 UV/Visible Spectrophotometer, Fisher Scientific, catalog number: 11400539) 4 . Microcentrifuge (e.g., Centrifuge 5418, Eppendorf, catalog number: 5418000017) 5 . Haemocytometer (Sigma-Aldrich, BR718605) 6 . Optical microscope (e.g., Cole-Parmer, catalog number: UY-48922-70) 7 . Autoclave (e.g., Astell Scientific TM benchtop autoclave, Fisher Scientific, catalog number: 2. Calibrate the Oroborus oxygraph at 30 °C (or at desired temperature) for at least 1 h, or until the oxygen flux reading is stable at zero using 2.5 ml PBS per chamber. An air space should be introduced into each chamber during calibration as per the manufacturer's instructions.
3. Add cells from an overnight culture to 3 ml fresh YPD (or other growth media as desired) to an OD600 of 0.1 and grow to an OD600 of 0.5, this represents a dividing population.
Note: Candida albicans cells do not respire appreciably in the stationary phase of growth ( Figure   1 Note: It is important that you do not re-suspend cells in media that will permit further growth as this will prevent the acquisition of stable readings within the respirometer. 8. When stable routine respiration is achieved, respiration-modulating drugs can be introduced using a 10-or 25 µl Hamilton microlitre syringe inserted into the injection port located in each chamber stopper (Figure 2A ). Injection volumes should be between 2-and 25 µl; stock solutions of drugs should be prepared appropriately.
Count cells using a hemocytometer and dilute in
Note: The optimal concentration for a given respiration inhibitor can be determined by a titration experiment, in which increasing concentrations of the inhibitor is applied by additional injections.
Further injections of each drug should be made until there is no further change in respiration rate, indicating saturation. We have found that the following concentrations are suitable for use with most Candida species (Table 1) . is inhibited, TET is added to a final concentration of 160 µM. Respiration rate will decrease and then plateau within 5 min, after which further addition of TET will have no effect. The leak respiration rate should be measured at this point of maximum inhibition following TET addition and represents the level of respiration that is not linked to proton translocation across that ATP synthase. The ratio between routine and leak respiration levels indicates how much electron transport is linked to ATP production, or how "coupled" respiration is. This ratio is also referred to as the respiratory control ratio. 10 . Thereafter, to measure maximal electron transport chain capacity (uncoupled respiration), FCCP is added to a final concentration of 10 µM. Respiration rate will increase and then plateau within 5 min, after which further addition of FCCP will have no effect. At this point, the uncoupled respiration level could be recorded. The ratio of routine respiration to uncoupled respiration can be taken (uncoupling control ratio) and gives an estimation of the reserve capacity of the electron transport system, with a ratio of 1 meaning electron transport is occurring at its maximum.
Table 1. Suggested concentrations for use of inhibitors to electron transport chain complexes in Candida albicans
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Bio-protocol 9(17): e3361. DOI:10.21769/BioProtoc.3361 11. Inhibitors of classical respiration may be added to examine the induction of AOX and use of parallel respiratory pathways. Potassium cyanide (KCN), antimycin A or sodium nitroprusside (a nitric oxide donor) can be added to a concentration of 2 mM, 2 µM or 1 mM respectively.
Higher concentrations of KCN (10 mM) are needed to inhibit the parallel pathway ( Figure 2B ).
12. AOX can be inhibited by the addition of SHAM at a concentration of 1 mM. 
